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Abstract: 
The investigation of the electromagnetic irradiation (EMI) with extremely high frequencies (EHF)- 41.8 GHz, 
42.2 GHz, 50.3 GHz and 51.8 GHz and low intensity flux capacity (0.6 mW.cm
-2 
) of seeds and growth of 
germs of wheat (Triticum Aestivum L.) has been carried out. The effect o EMI on lipid peroxidation and 
antioxidant system function of wheat shoot cells has been also studied. It has been shown that at irradiation of 
germinating seeds the increasing of wheat germ mass as well as lipid peroxidation rate (MDA-level) is 
observed. At the same time EMI-induced oxidative stress was indicated by the markedly change of catalase 
activity depending on EMI frequency used and exposure duration. Conjectures have been made concerning 
possible causes of the age-related differences in the response of wheat plants to EMI-induced oxidative stress. 
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1. Introduction 
Low-intensity electromagnetic waves corresponding to the extremely high frequency (EHF) (of 
30-300 GHz) are constant part of natural environment [1,2]. Nowadays the increasing number of 
artificial sources, structures and appliances that emit in EMI range of the electromagnetic spectrum, as 
well as using the radiofrequency part of spectrum, make the investigation of EHF irradiation influence 
on living matter very important. 
Low-intensity non-thermal EMI of EHF is applied in therapeutic practice [3] and the newest 
agricultural biotechnologies [4,5] to increase the productivity (crop yield, biomass yield). In contrast 
to chemical methods, millimeter range radiation is environmentally appropriate technology what is 
important for farming industry. In addition, the possibility to increase the productivity is always 
topical in agriculture. 
The phenomenon that low-intensity EMI can alter water clusters structure [2,6], certain cellular 
processes- enzyme synthesis [7-9], indirectly or directly affect structure of DNA [10] causing strand 
breaks and other chromosomal alterations [11]. 
However, the specific mechanisms of induction of biological effects remained not clear yet. 
The majority of researchers have shown that all membranes of different objects serve as the main 
location of influence for radiation in millimeter range: primary mechanisms which determine final 
effect of radiation in millimeter range influence are developed in the membranes [2,12]. It has been 
shown that EMI leads to changes of membrane properties: to acceleration or suppression in active ions 
transport, to changes in biological membranes permeability due to proteins conformation changes and 
by means of membrane lipid peroxidation [12-16]. The latter may be the consequence of an increased 
production of reactive oxygen species (ROS), including superoxide radicals (O2
-.
), singlet oxygen 
(
1
O2), hydrogen peroxide (H2O2), and hydroxyl radicals (OH
.
) which cause tissue injury [17]. 
Plants have evolved various protective mechanisms to eliminate or reduce ROS, such as antioxidant 
system composed of both enzymatic (superoxide dismutase (SOD), catalase (CAT), peroxidase (POX) 
and non-enzymatic (glutathione, ascorbic acid, tocopherol and carotenoids) antioxidants [17,18]. 
Although a lot of reports regarding influence of EMI EHF are available, to our knowledge the 
mechanisms of induction of biological effects of high plants are not clear yet. Keeping in view the 
importance of wheat as an valuable yield crop and MM-waves as an environmental factor, the present 
study was designed to test effects of different EMI frequencies on growth (mass), lipid peroxidation 
(malondialdehyde –MDA accumulation) and the activity of catalase in growing wheat seedlings.  
2. Materials and Methods 
2.1. Plant Culture and Electromagnetic Irradiation Procedure 
The seeds of winter wheat (Triticum aestivum L.) of “Bezostaya” variety were used in experiments.  
Seed samples of wheat were selected for uniform size, surface sterilized with 0,03% potassium 
permanganate (KMnO4) solution, then moistened by water during 12 hours. Then these seeds were 
divided into 2 groups. Two approaches were applied to perform irradiation treatment. In the first case 
early presoaked seeds have been irradiated one-fold 30 min by respective frequency EMI and were 
germinated. 
In the second case the germinated 2-, 3- and 4-day-old seedlings of non-irradiated (control) seeds were 
irradiated every day one-fold with 20 min duration.  
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The germination of seeds was realized in thermostat at 25
0
C on wet filter paper in Petri dishes.  
The non-irradiated germinating seeds and seedlings were taken as control samples. The mass of 
germinating seed shoots were determined. Experimental samples were irradiated with coherent 
electromagnetic waves of 41.8, 42.2, 50.3 and 51.8 GHz frequencies using a generator G4-141 type 
with working interval of 37.50-53.57 GHz (State Scientific-Production Enterprise “Istok”, Russia) and 
power flux density 0.6 mWcm-2. Frequency signal stability was ± 0.05 and frequency deviation of 
output signal in persistent regime of generation did not exceed 6 MHz. The distance from the radiating 
end of the conical antenna to the object of irradiation was 15cm. Choose of applied frequencies was 
conditioned by the fact that water resonant and near them frequencies are in this range [1,3]. 
 
2.2. Plant Extract preparation  
The shoots (500mg) of both control and EMI exposed plants were harvested at respective time period 
and were homogenized in 5ml 25 mM cold phosphate buffer [pH 7,0, containing  EDTA (1 mM),  
Triton X-100 (0.5%)] in a mortar and pestle. All procedures were performed in cold conditions. The 
homogenate was centrifuged at 12000g for 10 min at 4
0 
C to remove plant debris. The supernatant was 
used for assessing the protein content and CAT activity using UV-visible Spectrophotometer (model 
SF-46, USSR). All enzymatic activities were measured at 25
0 
C. The method of Lowry [19] was 
followed to estimate protein content in the shoots using bovine serum albumin as a standard.  
 
2.3. Analyses of lipid peroxidation- Lipid peroxidation in shoots was determined by estimation of 
the MDA content following the method of Costa H. [20] with slight modification. Shoots fresh 
samples (500 mg) were homogenized in 5 ml of 0,1% trichloroacetic acid (TCA). The homogenate 
was centrifuged at 10000g for 5 min. To every 1 ml of aliquot, 4 ml of 17% TCA containing 0,5 % 
thiobarbituric acid (TBA) was added.  The mixture was heated at 95
0 
C for 20 min and then cooled 
quickly on ice bath. The resulting mixture was centrifuged at 10000g for 15 min, and the absorbance 
of the supernatant was taken at 532 and 600 nm. The nonspecific absorbance at 600 nm was 
subtracted from the absorbance at 532 nm. The concentration of MDA was calculated by using the 
extinction coefficient of 156/ (mM .cm) and expressed as nmol/mg protein. 
 
2.4. Catalase activity assays  
The supernatant of shoots homogenate was used to assay Catalase CAT (EC 1.11.1.6) activity. The 
method based on the reaction of the H2O2 in a mixture with ammonium molibdate ((NH3)2 .MoO4) 
proposed by Korolyuk M [21] was used to estimate CAT activity. The change in optical density due to 
the emergence of complex H2O2 –ammonium molibdate is measured spectrophotometrically at 1-st 
and 10-th min at 410 nm. The assay mixture contained 1ml Tris-HCl (0,02M, pH 7,4) 2ml H2O2   
(0,03 %), and 0,1 ml enzyme sample. This was incubated for 10 min at 25
0
C in dark, after which the 
reaction was stopped by adding 1ml of ammonium molibdate (4 %).To the blank 0,1 ml distillated 
water was added of the zero time of the same assay mixture. A decrease in the absorbance of H2O2   
within 10 min at 410 nm (E=22,2 .10
3
 mM
-1
cm
-1
) was recorded. The CAT activity was expressed in 
unit activity (UA)mg-1 protein. UA is defined as the change in absorbance by 1 min-1 mg-1 protein.  
All the experiments were performed in triplicates and values presented here are the mean of three 
values ± standard error.
3. RESULTS  In this work the influence of mm EMI with low intensity and different frequencies on wheat germ 
growth as well as wheat plants lipid peroxidation activity have been investigated. It has been shown 
that external physical field significantly effects on mass change, MDA accumulation and catalase 
activity of germinated shoots during their growth. 
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3. Results 
3.1 EMI effects on the growth of wheat plants 
Effects of EHF EMI on growth of wheat’s shoots were carried out of 2-, 3- and 4-day-old plants. 
Growth intensity defined by mass of beforehand irradiated seeds shoots showed significant differences 
as compared with control, especially at the higher frequencies of EMI (Figure 1). 
Thus, in control samples the mass of wheat germs increased in the third day compared with the 
second day by 55 % (1.55-fold) and in the fourth day by 60% (1.61-fold) compared with the third day. 
The growth intensity is changed otherwise in irradiated germs. The use of one-fold EMI with 41.8 
GHz of wheat seeds did not provoke significant changes in shoots’ mass and caused a slight increase, 
but the growth intensity was the same as for control germs. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The changes in wheat shoots mass, after seeds one-fold EMI of 41.8 GHz, 42.2 GHz, 50.3 GHz and 51.8 
GHz frequencies during 30 min. The replicates number was 4. For others, see “Materials and Methods” section. 
 
In case of irradiation with 42.2 GHz frequency the mass of germ shoots increases by 30 % in the 
3-day-old plants after seeds irradiation compared with the 2-day-old plants and by 74 % in the fourth 
day after irradiation compared with the third day. At irradiation with 50.3 GHz these parameters were 
30% and 74% and at irradiation with 51.8 GHz- 38% and 91% respectively. As it is obvious from 
represented data in 4-day-old shoots the mass increases by 20%, 36% and 44% compared with control 
ones at following frequencies of EMI- 42.2 GHz, 50.3GHz and 51.8 GHz respectively. 
Besides, the activation of seedlings growth intensity showed the most magnitude value in 4-day-old 
plants at 50.3GHz and 51.8 GHz frequencies, which are the water resonant frequencies as it is known 
well [2]. Moreover, growth activation compared with control was more stimulated by 51.8 GHz EMI- 
1.4-fold (P= 0.002). Although by 50.3GHz EMI the activation was only 1.2-fold. These and earlier 
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data [9,22] coincided well. 
 
3.2 EMI effects on wheat seedlings cell lipid peroxidation content 
It has been revealed that multiple irradiation of germinating seedlings of control seeds induced lipid 
peroxidation activity increase in germ cells the change magnitude of which depends on irradiation 
frequency and duration (Figure 2). 
 
 
Fig. 2. The dependence of MDA rate in wheat seedlings during their growth on EMI duration with 41.8 GHz 
(a), 42.2 GHz (b), 50.3 GHz (c) and 51.8 GHz (d) frequencies. 
 
From the data represented on Figure 2 it is obvious that in non-irradiated seedlings MDA amount 
changes according to the age of shoots. Thus, approximately the same MDA value (0.18 mmol/mg 
protein and 0.20 mmol/mg protein) was recorded in 2- and 3-day-old shoots. In the 4-day-old shoots 
MDA level was increased at 25 % compared to the same parameter in 3-day-old plants. 
Obtained data showed, that EMI results by increase lipid peroxidation process activity, which 
expressed by MDA rate increasing. So, in the case of wheat seedlings’ irradiation by 41.8 GHz and 
42.2 GHz frequencies MDA concentration showed trend for increasing for each duration of EMI 
according to the age of the shoots. 
Thus, in cells of 2- and 3-day-old shoots exposed to EMI by 41.8 GHz frequency the MDA amount 
increases by 44 % and 55 % for EMI 60 min summary duration and by 55 % and 50% for 80 min 
duration, correspondingly as compared to control plants. At the same time, in shoots of 4-day-old 
experimental plants increasing of MDA rate was not observed, which witnessed that lipid peroxidation 
intensity does not exceed the appropriate control (Figure 2, A). 
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Approximately the same phenomena were observed for 2- and 3-day-old wheat seedlings multiple 
irradiations with 42.2 GHz frequency (Figure 2, B). But, for 4-day-old shoots MDA rate increased by 
1.52- and 1.68-fold respectively for 60 min and 80 min EMI duration as compared with control. 
As it is obvious from Figure 2 (Fig. 2, C, D) the greater responses of lipid peroxidation were 
recognized in case of wheat seedlings EMI by 50.3 GHz and 51.8GHz frequencies. According to 
obtained data MDA content significantly (P < 0.01) increased in all the exposures of EMI and this 
increase reached its maximum at 60 min compared to control. On the other hand, the further 
irradiation for 80 minutes results by significant decline of MDA rate in all three ages experimental 
seedlings studied (Figure 2, C, D). Thus, in 2-day-old shoots multiple EMI with 50.3GHz frequency 
for 60 min and 80 min increased the MDA concentrations by 2.22- and 1.66-times, compared to 
control plants. For 3-day-old plants the same parameter was 2.4- and 1.75-times higher, than that of 
respective control. In 4-day-old plants, multiple exposure to 50.3 GHz EMI, for 60 and 80 min results 
by 72% and 24% increase of MDA content compared to appropriate control (Figure 2, C). These data 
with this frequency were suggested to be a result of EMI resonant interaction with plant cells. 
The same regularity was observed in case of 51.8 GHz frequency EMI of wheat seedlings of 
different ages (Figure 2, D). 
 
 
 
 
 
 
 
 
 
 
Fig. 3 The dependence of catalase activity in wheat shoots during their growth on EMI duration with 41.8 GHz 
(a), 42.2 GHz (b), 50.3 GHz (c) and 51.8 GHz (d) frequencies. 
 
3.3 Influence of EMI on catalase activity 
It has been revealed that the irradiation of germinating seedlings induces catalase activity increase in 
them the change magnitude of which depends on EMI frequency and expose duration, as well as on 
plants age (Figure 3). 
According to obtained data catalase activity is slightly changed during the control plants growth and 
in 4-day-old shoots it was by 1.2-times higher than in 2-day-old shoots (Figure 3).  
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From the data represented in Figure 3, it is obvious that in case of irradiation with 41.8 GHz frequency 
catalase activity noticeable decrease was observed in the 3- and 4-day-old shoots; moreover this fact 
depends on irradiation duration. Interestingly, in case of EMI with 20 min duration in above 
mentioned age plants the catalase activity decreased by 13.4% and 6.4% and for 60 min irradiation- 
by 23.4% and 13.1% respectively. The further increase of irradiation duration up to 80 min causes a 
significant activation of catalase: more than 1.5-times compared to the 60 min duration EMI and by 
13% compared to control 3-day-old plants. For the 4-day-old plants the same criteria were 1.33-times 
and 18% correspondingly. 
As it is obvious from represented figure (Figure 3, C, D) the same regularity was observed during 
growth of irradiated shoots with 50.3 GHz and 51.8 GHz frequencies, moreover in case of last two 
EMI frequencies response was grater. Indeed, irradiated 3-day-old plants had depressed catalase 
activity at 50.3 GHz 20 min duration. Particularly enzyme activity was only 79.8% of control 
(considered as 100%); the inhibition was increased with 60 min duration- 63.3% (Figure 3, C). For 
4-day-old plants these criteria were: for 20 min EMI -80.6 % and 74.2 % for 60 min.  
The influence of multiple EMI for total 80 min duration at 50.3GHz and 51.8GHz frequencies on 
wheat plants catalase activity was determined as well. Enzyme activity rate in 3-day-old plants 
compared with control was more increased by 51.8 GHz EMI-1.63-fold (P =0.02). Although by 
50.3GHz EMI the activation was only 1.31-fold. 
So, based on obtained data it is possible to conclude: in all age-plants exposed to EMI decrease of 
catalase activity is registered for 20- and 60 min exposure duration. Besides, parallel to the increase of 
EMI duration up to 80 minute, enzyme activity increases in tested wheat shoots of the same age. At 
the same time, the catalase activity showed trend for increasing for each EMI duration, according to 
the age of the plants. The increasing activity of catalase appeared to be involved in effective 
scavenging ROS generated by EMI treatments. 
4. Discussion 
Research concern plant response to unfavorable environmental conditions is becoming increasingly 
important. EM fields with coincident high temperature and radiation are one of the most important 
environmental constraints to plant survival and to crop productivity [7,23]. 
In present article, we have investigated the low-intensity EHF EMI effects on growth and 
antioxidative system activity of wheat plants. This study leads to more clear understanding of EMI 
action on cellular level. The results of our study revealed the stimulation effects of EMI on wheat 
plants growth and the role of antioxidant defense system in organism’s response to external physical 
field. According to obtained data one-fold EMI of wheat presoaked seeds induces increased shoot 
mass in all-age studied seedlings, but in the course of time (3-4-day-old shoots) the growth intensity 
was increased, especially at EMI 50.3GHz and 51.8 GHz frequencies. This fact indicates that the 
biological effect of MM EMI on organism level is performed mainly at water resonant frequencies 
that show a certain role of water in biosystem response reaction [1,4]. The probable targets which can 
be involved in range of different processes and create plant responses to EHF EMI are water, 
biological membranes and genome itself. Increased shoots length and weight in winter of wheat 
(Triticum aestivum L.), barley (Horderum vulgare L.) and maize (Zea mays L.) subjected to EMI have 
been reported [5,7,9]. Moreover, Kalie M. found that proper EMI pretreatment at 64.5 GHz of wheat 
and barley seeds for 15 minutes can accelerate physiological and biochemical metabolism and 
accordingly enhance the growth of seedlings. The results of present study are in a good conformity 
with these data [5,9,22]. 
 Mukhaelyan ZH et al . American Journal of Plant Biology   2016, 2:1-10 
  Ivy Union Publishing | http: //www.ivyunion.org Febuary 23| Volume 2 | Issue 1  
Page 8 of 10 
Obtained data indicated that there was a significant (P< 0.04) increase in MDA concentration of 
EMI exposed plants cell, and this increment was more pronounced at 50.3GHz and 51.8GHz, 
compared to control. In this concern, as it was stated in [14,24] the use of EMI at 42.8 GHz and 50.3 
GHz frequencies leads to an accumulation of free radicals such as O2
-
 and H2O2 which imbalance the 
system of free radical elimination and thus induce MDA level.  
Increase in MDA content and antioxidant enzyme- catalase activity under EMI –stress in present 
study is consistent with the studies [5,7,16] in which wheat, barley and maize seeds were grown under 
EMI  and TBAS values and antioxidative enzymes activities were found to increase.  
Compering obtained results of MDA level and catalase activity in irradiated plant shoots we can 
notice that the cooperatively increasing rate of MDA parallel to the duration increase for each applied 
EMI frequency is correlated to the suppression of catalase activity in the shoots of the same age. In the 
case of 80 minutes EMI multiple expose data about the sharp increase of catalase activity correlated 
well to slowdown of MDA level in the shoots of the same age. In plants submitted to external physical 
field SOD, CAT and GPX act as a defense mechanism which gets activated [5,9,16,22,25]. The results 
obtained in current study also demonstrate that catalase protects wheat plant cells from the destructive 
effects of ROS and constitute key component of the cellular antioxidant defense system. 
There is little information in literature concerning the relationship between plant’s age and its 
EMI-tolerance. Now it is known that the capability of plants to induce proper acclimation mechanisms 
to avoid oxidative or irradiation stress can be changed during the ontogenesis [26,27]. Revealed 
increase of catalase activity and decreasing MDA rate in wheat shoots related to plant age, probably, 
can be explained by ontogenetic differences of different age plants, as well as by non- similar 
effectiveness of their adaptation mechanisms. 
5. Conclusion 
This study showed that increases in mass, lipid peroxidation and catalase activities in Triticum 
Aestivum L. seedlings could be attributed to EHF EMI stress. MDA level change at plants irradiation 
indicates external physical field’s effect on cell membrane properties. The grater response of plant 
organism was observed at water resonant frequencies which confirm that the primary element of EMI 
is water. The results may also suggest that increasing the activity of catalase plays an important role in 
ROS scavenging process and protect wheat plans against stress. Differences of wheat shoots response 
to the influence of EMI can be related to the different effectiveness of adaptation mechanisms of 
plants being in different phases of development. 
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